Introduction {#Sec1}
============

Diabetes mellitus (DM) is a risk factor for cardiovascular disease (CVD) \[[@CR1]\]. Both traditional and nontraditional molecules have been explored to explain the development of DM-related CVD. Molecules associated with the circulatory system, such as the natriuretic peptides, which are counterregulatory hormones involved in the regulation of volume homeostasis and cardiovascular remodeling, are an important clue for understanding the underlying mechanisms of DM-related CVD \[[@CR2]\]. The plasma brain natriuretic peptide (BNP) level is thus a predictor of CVD events and death \[[@CR3]\]. Additionally, the oxidative stress burden may in part explain the link between DM and CVD \[[@CR4]\]. Although several markers are applicable, the diacron reactive oxygen metabolites (d-ROMs) test and malondialdehyde (MDA) are indicators of the global oxidative stress burden in a clinical setting \[[@CR5]\], especially in patients with type 2 DM (T2DM) \[[@CR6], [@CR7]\].

Liraglutide, a long-acting glucagon-like receptor peptide (GLP)-1 analogue, is a recent treatment modality that may tolerably improve glycemic control \[[@CR8]--[@CR10]\] and provide beneficial cardiovascular effects via extrapancreatic mechanisms \[[@CR11], [@CR12]\]. Clinical studies of the association between liraglutide and cardiovascular risk markers, especially nontraditional markers, have been limited. The aim of the present study was to investigate the effects of 24 weeks of treatment with liraglutide on cardiovascular risk markers such as BNP, d-ROMs, and MDA in patients with T2DM.

Subjects and methods {#Sec2}
====================

Sixty-five adult outpatients with T2DM (37 men and 28 women) were treated with liraglutide for 24 weeks. Eligibility criteria included the absence of pregnancy, an estimated duration of DM of no more than 15 years, no history of treatment with insulin, and a target hemoglobin A~1c~ (HbA~1c~) \>7.0 % even with diet and exercise therapy. We excluded patients with a recent acute illness, inflammatory bowel disease, a history of ileus, severe nephropathy (i.e., stage 3--5), liver dysfunction, and type 1 DM. The study protocol was approved by the Jichi Medical University Ethical Committee, and written informed consent was obtained from all participants. If patients were being treated with antiglycemic agents, we discontinued use of α-glucosidase inhibitors, pioglitazone, metformin, and dipeptidyl peptidase 4 inhibitors when treatment with liraglutide was initiated because the health insurance system in Japan indicates that these medications should not be administered with liraglutide. Therefore, no hypoglycemic agents except sulfonylureas were used in this study. Treatment with liraglutide was initiated at a dosage of 0.3 mg/day and titrated up to 0.6--0.9 mg/day when necessary. The dosage of liraglutide or a sulfonylurea was decreased if the glycemic target of fasting glucose was less than 95 mg/dL or causing hypoglycemic symptoms. When treatment with liraglutide was initiated, the dosage of the sulfonylurea was decreased by half.

At baseline and after 24 weeks of treatment, weight, systolic/diastolic blood pressure, and heart rate were measured and blood/urine samples were collected for measurement of the following parameters: HbA~1c~, glucose, total cholesterol, triglyceride, high-density lipoprotein cholesterol, aspartate aminotransferase, alanine aminotransferase, γ-glutamyl transpeptidase, urine albumin, BNP, d-ROMs, and MDA. Plasma BNP levels were measured using an immunoenzymometric assay kit (E-Test TOSOH II \[BNP\]; Tosoh Corp., Tokyo, Japan) \[[@CR13]\]. The d-ROMs values were obtained using a kinetic spectrophotometric assay (F.R.E.E. System; Diacron, Grosseto, Italy) \[[@CR5]\]. The MDA values were measured using a commercially available kit (Cell Biolabs Inc., San Diego, CA, USA).

The data are presented as mean ± standard deviation for parametric variables, medians and interquartile ranges for nonparametric variables, or numbers for categorical variables. In all analyses, the variables with nonparametric distributions were treated after a log transformation. Paired *t* tests were used to examine the changes in respective parameters. Correlations between changes in variables were examined using Pearson correlation tests. Statistical significance was set at a *P* value of \<0.05.

Results {#Sec3}
=======

No patients dropped out of this study. The patients were 58.7 ± 10.2 years of age, body mass index was 27.9 ± 5.9 kg/m^2^, and duration of DM was 7.0 years. Before this study, 24 patients (36.9 %) had not been treated with an antidiabetic agent and 41 patients (63.1 %) had been treated with a sulfonylurea (*n* = 32), dipeptidyl peptidase 4 inhibitor (*n* = 18), or metformin (*n* = 15).

After 24 weeks of treatment with liraglutide (mean dose, 0.74 mg), both HbA~1c~ and blood glucose levels were significantly reduced (Table [1](#Tab1){ref-type="table"}), as well as systolic and diastolic blood pressure. A significant decrease in urine albumin (mean 23.5--12.7 mg/g Cr), BNP (mean 9.2--6.3 pg/mL), and d-ROMs (mean 416.2--384.8 U. CARR) levels was also observed after treatment. There were no significant differences in body weight, body mass index, heart rate, lipid levels, liver function markers, and MDA levels.Table 1Clinical data for each variable at baseline and after treatment with liraglutideParametersBaselineWeek 24*P* valueBody weight (kg)72.6 ± 16.072.1 ± 16.40.88Body mass index (kg/m^2^)27.9 ± 5.927.8 ± 6.00.93Systolic blood pressure (mmHg)133 ± 10126 ± 10\<0.01\*\*Diastolic blood pressure (mmHg)80 ± 1076 ± 9\<0.02\*Heart rate (beats/min)82 ± 1383 ± 110.65HbA1c (%)9.6 ± 1.77.1 ± 0.9\<0.01\*\*Glucose (mg/dL)228 ± 99141 ± 46\<0.01\*\*Total cholesterol (mg/dL)199 ± 37189 ± 300.11Triglyceride (mg/dL)133 (92--194)130 (94--163)0.88HDL cholesterol (mg/dL)56 ± 1456 ± 140.52LDL cholesterol (mg/dL)109 ± 35103 ± 300.23AST (IU/L)23 (21--45)27 (19--36)0.71ALT (IU/L30 (21--45)30 (23--42)0.18γ-GT (IU/L)37 (23--57)40 (26--57)0.99Urine albumin (mg/g Cr)23.5 (11.4--46.7)12.7 (7.2--22.4)0.04\*BNP (pg/mL)9.2 (5.3--16.9)6.3 (4.1--10.9)0.01\*d-ROMs (U. CARR)416.2 ± 73.9384.8 ± 64.90.01\*MDA (pmol/mg)72.4 ± 36.469.4 ± 36.70.65*HbA* ~*1c*~ hemoglobin A~1c~, *HDL* high-density lipoprotein, *LDL* low-density lipoprotein, *AST* aspartate aminotransferase, *ALT* alanine aminotransferase, *GT* glutamyl transpeptidase, *BNP* brain natriuretic peptide, *d-ROMs* diacron reactive oxygen metabolites, *MDA* malondialdehyde. Data are presented as the mean ± standard deviation or median (interquartile range). *P* value comparison of respective data at baseline and after 24 weeks of treatment. Significance level: \* *P* \< 0.05; \*\* *P* \< 0.01

A correlation analysis revealed that the change in BNP levels was significantly and negatively correlated to that of HbA~1c~ (*r* = − 0.30, *P* = 0.02) or positively to that of systolic blood pressure (*r* = 0.26, *P* = 0.046). The change in d-ROMs levels was significantly and positively correlated to that of MDA (*r* = 0.38, *P* \< 0.01) or that of HbA~1c~ (*r* = 0.25, *P* = 0.049). The change in MDA levels was not correlated to that of HbA~1c~. The change in urine albumin levels was significantly and positively correlated to that of HbA~1c~ (*r* = 0.45, *P* \< 0.01) but did not significantly correlate to the changes in blood pressure.

Discussion {#Sec4}
==========

The cardioprotective effects of liraglutide, which is now widely accepted as useful for glycemic control, were described in a recent review of the literature \[[@CR10]\]; however, these effects were examined in basic studies or short-term human trials \[[@CR14]\], and new nontraditional markers (e.g., adipokines) have been reported to be involved in such cardioprotective mechanisms \[[@CR9]\]. In the current study, after 24 weeks of treatment with liraglutide, a significant reduction was observed not only in levels of glucose, HbA~1c~, blood pressure, and urine albumin but also BNP and d-ROMs, which are nontraditional but potential markers that may in part explain the link between DM and CVD in patients with T2DM.

Discrepant findings of increased BNP levels resulting in weight loss and adipocyte lipolysis been reported in obese patients with T2DM \[[@CR15]\]. The investigators discussed the effects of weight reduction on the change in BNP levels in their study \[[@CR15]\]; the fact that no weight change was observed in the current study may partly affect this discrepancy in the direction of the change in BNP levels and merits further investigation.

The significant correlation between the change in d-ROMs levels and glycemic control in the current study might suggest a pleiotropic effect of liraglutide against CVD by alleviation of the oxidative stress burden in T2DM. The d-ROMs (reflecting the hydroperoxides of wide organic compounds of not only lipids but also proteins and nucleic acids \[[@CR5]\]) and MDA (reflecting an end product of lipid peroxidation \[[@CR7], [@CR16]\]) can be different oxidative stress markers. The reduction of d-ROMs but not MDA levels indicates a possible effect of liraglutide on oxidative stress through reduced levels of proteins and/or nucleic acids more than lipid peroxidation. On the other hand, the reduction of the d-ROMs levels was not very large, so its relevance in CVD outcomes remains to be determined. A pleiotropic effect is plausible but should be further established. Additionally, this study has the limitations of a small sample size, a single-arm design, and a short-term duration. These limitations must be addressed.

In summary, treatment with liraglutide may exert a cardioprotective action and partly alleviate the burden of oxidative stress as a possible pleiotropic action in outpatients with T2DM. These data are preliminary, and future work is warranted.
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